Introduction
Cymothoidae (Crustacea, Isopoda) are ectoparasites of marine, freshwater or brackishwater teleost fishes. They generate a significant interest among the parasitologists as they adversely affect the health of both wild and cultured fishes (Trilles 1969 (Trilles , 1994 . However, the Indian cymothoid fauna is still incompletely known despite several studies already published or reported (Aneesh et al. 2010 (Aneesh et al. , 2011 Trilles et al. 2011 ) and few of them provided information on the seasonal fluctuations of the prevalence of these parasitic crustaceans (Ravichandran et al. 2009 , Saravanakumar et al. 2012 . In this work, to partly correct this deficiency, we studied accurately the fluctuations in the prevalence of species belonging to the genus Nerocila, parasitizing the commercially important marine fishes from the Malabar Coast (Kerala, India).
Materials and methods
This study was conducted from November 2009 to November 2010 . Host fishes were collected from the Ayyikkara fish landing center (lat. 11°51´N, long. 75°22´E; Malabar Coast, India). As soon as they were collected and transferred to the laboratory, all outer parts of their body were carefully examined for the presence and the pathogenic effects of isopod parasites. Cymothoids were removed from the hosts and preserved in 70% ethanol for further detailed examination. The isopods were identified, using a dissecting microscope and a stereomicroscope Leica-S6D, according to Ramakrishna 1980 , Bowman and Tareen 1983 , Bruce 1987 , Bruce and Harrison-Nelson 1988 . The prevalence (P) was calculated according to Margolis et al. 1982 and Bush et al. 1997 . The seasonal fluctuations of the prevalence were as-*Corresponding authors: ksudha50@rediffmail.com; ganilkumar@vit.ac.in 
Results
Fifty-six fish species belonging to 23 families were examined (Table I (Table II) .
Monthly occurrences of these Nerocila species and their respective host fishes are listed in Table III . Nerocila phaiopleura parasitized the three engraulid fishes (Thryssa malabarica, T. mystax and T. setirostris) and the clupeid fish (Opisthopterus tardoore) (Tables II and III) . Thryssa malabarica was also infested by Nerocila loveni. The latter species was also recovered from Escualosa thoracata. Opisthopterus tardoore and Coilia dussumieri were parasitized by Nerocila depressa while N. longispina was only collected from Ambassis ambassis (Table II) . The prevalence on Thryssa malabarica was relatively high (P = 21.51%). Of 502 host fishes examined from November 2009 through November 2010, 108 specimens were infested by Nerocila phaiopleura. This species was collected from 67 of 381 Thryssa mystax (P = 17.6%). Among a total of 376 Thryssa setirostris examined, 55 were infested by N. phaiopleura (P = 14.63%). The lowest prevalence was found in Opisthopterus tardoore; among the 398 host fishes examined, only 28 specimens were infested by this species (P = 7.04%) (Table II) . The prevalence of N. phaiopleura fluctuated significantly according to the season. In Thryssa malabarica, it was relatively high from October 2009 through April 2010 (29.40% ± 2.89) and maximum during January 2010 (P = 40.48%). The prevalence was significantly lower during May-September 2010 (P = 6.97% ± 0.59; t = 6.404; P<0.0001) than from October 2009 through April 2010 (Table III; Fig. 1) The prevalence of N. phaiopleura parasitizing T. mystax was also high from October 2009 to April 2010 (23.93% ± 2.785). It was significantly low (P = 6.003% ± 1.03; t = 4.032, P<0.002) from May through July 2010. There was no sign of infestation on T. mystax by N. phaiopleura during August and September 2010 (P = 0%) (Table III and Fig. 1 ).
The prevalence of N. phaiopleura parasitizing T. setirostris gradually increased from October 2009 through April 2010 (P = 23.28% ± 4.32). Thereafter, it showed a significant decrease (P = 4.29% ± 0.84, t = 2.238, P<0.03). This host fish was unparasitized from July through September 2010 (Table III; Fig. 1) .
Compared with the aforementioned three hosts (T. malabarica, T. mystax and T. setirostris), N. phaiopleura showed a relatively lower prevalence in O. tardoore (Table II, Fig. 1 ). The infestation was only restricted during November 2009 through June 2010 (P = 8.64% ± 1.14). No signs of infestation on this host fish were observed from July to October 2010.
In the three engraulid hosts, T. malabarica, T. mystax and T. setirostris, the base of the pectoral fin was the major site of 
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Month attachment for N. phaiopleura. On several occasions, this species was collected from the body surface, adjacent to the lateral line and the operculum. However, in O. tardoore, N. phaiopleura was only collected from the body surface. In the parasitized fish, lesions with erosion of epidermis and underlying dermis were frequently observed at the site where the parasites were attached.
Nerocila loveni Bovallius, 1887
Nerocila loveni parasitized two fish species, Escualosa thoracata and Thryssa malabarica, the former showing a relatively higher prevalence (Table II) Interestingly, seasonal variations in the rate of infestation were observed in both these host fishes (Fig. 2) . Of 803 E. thoracata examined, 161 were infested (P = 20.05%). The prevalence was above than 20% (P = 24.22% ± 1.393) during the post monsoon and the summer seasons (October 2009-April 2010) with a maximum value in March 2010 (P = 30.52%). From May through September 2010, the rate of infestation was significantly less (P = 11.32% ± 1.86; t = 5.67; P<0.001).
Of 502 T. malabarica examined, only 49 specimens were infested by N. loveni (P = 9.76%). From February through May 2010, the infestation rate was the highest (16.83% ± 2.014) with a peak during April 2010 (P = 22.22%). However, from the onset of monsoon, the prevalence showed a gradual and significant decrease (P = 9.55% ± 0.58; t = 2.39; P<0.037) and the infestation rate was nil during August-September 2010. From October 2010, signs of infestation again appeared in T. malabarica.
The body surface in the close vicinity of the lateral line was the major site of attachment for N. loveni.
Nerocila depressa Milne Edward, 1840
Nerocila depressa parasitized two fish species, Opisthopterus tardoore and Coilia dussumieri, the prevalence being significantly higher in O. tardoore (21.32% ± 3.04) than in C. dussumieri (10.95% ± 2.87) (t = 2.48; P<0.01) (Table II and Fig. 3) .
The infestation rate on O. tardoore was relatively high from October 2009 through April 2010 (P = 27.96% ± 3.14.), but subsequently it declined reaching a minimum value during May-September 2010 (P = 12.01% ± 1.79). Such decline was statistically significant (t = 3.94; P<0.001). The lowest value of the prevalence was observed in June 2010 (P = 6.06%).
Coilia dussumieri showed also seasonal variations in the infestation rate by N. depressa (Fig. 3) . The prevalence was found to be generally highest from October 2009 through February 2010 (19.27% ± 4.58) with a peak during February 2010 (P = 36.84%). From March to July 2010, the prevalence was significantly the lowest (P = 7.01% ± 0.43) (t = 2.66, P<0.014) and no signs of infestation were observed during August and September 2010.
Nerocila depressa was collected from the body surface of O. tardoore and C. dussumieri.
Nerocila longispina Miers, 1880
Among the 56 fish species examined, only Ambassis ambassis was parasitized by Nerocila longispina. So, this Nerocila species showed an oligoxenous parasitic specificity.
Of a total of 596 A. ambassis examined, 174 specimens were infested (P = 29.19%) (Tables II and III) . The prevalence was the highest from October 2009 through April 2010 (P = 37.49% ± 2.72) with two peaks during January and March 2010 (P = 45.39% ± 0.265) (Table III and Fig. 4) . The infestation The parasite was generally found attached to the posteroventral side of the head. In few occasions, it was also observed clinging on to the body surface or close to the lateral line.
Discussion
The genus Nerocila Leach, 1818 represents one of the largest groups of the Cymothoidae family infesting several fish species of economic importance (Trilles 1969 (Trilles , 1994 . About 65 species of Nerocila were reported so far from the different parts of the world (Trilles 1994) including particularly North America (Richardson 1905) , Mediterranean Sea (Trilles 1975) , California, eastern Pacific (Brusca 1981) , Hong Kong and Australia (Bruce 1982 (Bruce , 1987 , Yugoslavia, Kuwait (Bowman and Tareen 1983), Adriatic Sea (Radujkovic et al. 1984) , Indo-West Pacific (Bruce and Harrison-Nelson 1988) , Malaysia (Seng and Seng 1990) , Turkey (Öktener and Trilles 2004) , Lebanon (Bariche and Trilles 2005) , Algeria (Ramdane et al. 2007) , India . The present study reports the occurrence of four species of Nerocila, N. phaiopleura, N. loveni, N. depressa and N. longispina parasitizing economically important marine fishes from the Malabar Coast of India. From this region, seven fish hosts belonging to the families Ambassidae, Clupeidae and Engraulidae showed heavy infestation by Nerocila species. Interestingly, four of them (T. malabarica, T. mystax, T. setirostris and C. dussumieri) belong to the family Engraulidae.
Until now, N. phaiopleura was collected from several host fishes in India (Trilles et al. 2011) . In the present study, T. mystax, T. setirostris, T. malabarica and O. tardoore were identified as potential hosts for this species from the Southwestern coasts of India. Among them, T. setirostris, T. malabarica and O. tardoore are new hosts for N. phaiopleura while previous studies already reported the infestation of T. mystax by N. phaiopleura at Parangipettai, Southeastern Indian coasts (Veerapan and Ravichandran 2000 , Rajkumar et al. 2010 . The highest prevalence was observed in the Engraulidae T. malabarica (P>20%) and it was significantly less in the Clupeidae O. tardoore (P<8%). Rameshkumar and Ravichandran (2010) reported N. phaiopleura parasitizing Rastrelliger kanagurta (Scombridae) from the Southeastern coast of India but with a very low prevalence. It seems that may be R. kanagurta is an occasional host for this species. At Parangipettai, the infestation of Stolephorus commersonii by N. phaiopleura was also reported (Rajkumar et al. 2007) . So, we suggest provisionally that may be the parasitic specificity of this species differs according to the prospected Indian coasts.
It was observed that two species of Nerocila, N. phaiopleura and N. loveni, parasitized T. malabarica, a new host for these two parasites. However, the rate of infestation of N. loveni on T. malabarica is significantly less (P<10%) than the one observed for N. phaiopleura while N. loveni showed a prevalence significantly highest in its other host E. thoracata.
In India, N. depressa so far has been recorded from the Bombay coasts, parasitizing O. tardoore (Bal and Joshi 1959 , Joshi and Bal 1960 , Parimala 1984 . This species was also reported from C. dussumieri at Sumatra (Bruce and HarrisonNelson 1988) . Along the Malabar coasts, we collected N. depressa from these same hosts, O. tardoore and C. dussumieri, but the prevalence in O. tardoore is significantly higher (P = 21.32% ± 3.04; t = 2.48; P<0.01) than in C. dussumieri 
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Panakkool-Thamban Aneesh et al. 88 (P = 10.95% ± 2.87). It was observed that O. tardoore was parasitized by two Nerocila species, N. depressa and N. phaiopleura. However, the prevalence of infestation by N. depressa was significantly highest, suggesting that O. tardoore is a better potential host for N. depressa than for N. phaiopleura.
Of 56 fish species examined, N. longispina was only collected from A. ambassis (Ambassidae) and so, it showed an oligoxenous parasitic specificity. Also, it should be noted that, among the four species of the collected Nerocila, N. longispina showed the highest value of the prevalence. At the beginning of the monsoon season, the prevalence generally showed a downward trend and only less or no infestation was observed during the post monsoon season (August-September). However, from October to November, the prevalence gradually increased and reached a maximum value during February-April 2010. These results suggest that the prevalence could be dependent on seasonal environmental parameters such as rainfall, salinity and temperature. A low value of the prevalence during the monsoon season suggests that the weak salinity (27-29 ppt), resulting from the heavy rain fall, induces an unfavourable environment for the parasite while the gradual increase of salinity (30-35 ppt) during the postmonsoon season (October-November) seems to facilitate the parasitic infestation (Sudha et al. unpublished) . This situation continues until the premonsoon period (February-April/May) when the salinity reaches a maximum value (36-40 ppt) . In all the Nerocila species studied (N. loveni, N. depressa, N. phaiopleura and N. longispina) , the prevalence reached peak values during the premonsoon months but the exact mechanism by which the salinity plays a role in the parasitization is not clear. However, may be it would be worth to mention that all the Nerocila species collected during this study were ovigerous throughout the year. Now the necessity of an optimum salinity for the larval development has been reported in many free-living crustaceans (Sudha and Anilkumar 1996) and for them, the monsoon season is not generally a breeding season (Syama et al. 2010) . Similarly, it was already reported that the climatic conditions affect the reproduction of several cymothoids (Trilles 1969, Leonardos and Trilles 2003) . However, an increased parasitic prevalence with the onset of the monsoon rains was sometimes observed. The high temperatures of the ambient water during this season might be conductive to a prolonged presence and proliferation of some cymothoids (Papapanagiotou and Trilles 2001, Rajkumar et al. 2005) . Therefore, further investigations will be very useful to resolve this question.
The principal sites of attachment for several Nerocila species are the caudal or dorsal fin and the base of the dorsal or pectoral fin (Trilles 1969 , Morton 1974 . However, in the present study, it was observed that the body surface of the host was the major site of attachment for N. depressa and N. loveni and to some extent for N. phaiopleura. Only in few cases, N. longispina, N. loveni and N. phaiopleura were found to be settled adjacent to the lateral line. N. phaiopleura was also attached at the base of the pectoral fin of the host and N. longispina on the postero-ventral side of the head. As already observed by Morton 1974 , N. phaiopleura was preferably found attached on the posterior third of the body, overlying the lateral line of its host fishes. It is suggested that such a disposition makes accessible the streak of red muscles underlying the lateral line which contain much myoglobin and stored fats (Bowman and Tareen 1983) .
Skin lesions were frequently observed at the site of attachment of N. phaiopleura on T. malabarica. The damaged area was particularly devoid of scales, sometimes eroded down to the myotomes and hemorrhages were often observed. Occurrence of such damages to the host body were already reported and has been noted as an accompanying sign in all diseases induced by parasitic isopods (Trilles 1969; Romestand 1979; Bragoni et al. 1983; Rajkumar et al. 2005 Rajkumar et al. , 2007 Ravichandran et al. 2010) . The skin lesions could induce vibriosis and secondary bacterial infections, with often an increased mortality (Rajkumar et al. 2007 ).
